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The dissertation is devoted to the study of formation and characterization of
carbon and sulfur binary clusters. Recently, cluster science has undergone an
explosive growth in activity. Clusters are aggregates of atoms or molecules
ranging in size from two to tens of thousands of monomer units. Clusters are
distinct from bulk materials because they are dominated by surface species, and
consequently, clusters have structures and properties that often differ from
anything that can be observed in the bulk. The upper size limit to what we may
call a cluster has something to do with the onset of bulk behavior, and the cluster
size at which bulk properties appear depends on the particular physical property
chosen for study. We should emphasize here that we are concerned with the
physical transformation from finite to bulk behavior, not with the mathematical
transition. Clusters are not to be viewed as some finite representation of a bulk
material forced to take on bulk structure with the imposition of periodic boundary
conditions. The dependence of many physical properties on the size of such
constrained system is well understood using scaling relations. For true finite
systems, the change in physical properties with cluster size can be erratic. The
experimental and theoretical methods that are now being applied to these
systems are often capable of revealing quantum state specific information and are
therefore quite different from those applied in the bulk, resulting in the promise
that these finite systems will provide us with fundamentally new insights into
condensed phase behavior. The research for new structure of compounds or
clusters of the well known elements such as carbon, sulfur, et al. are very
interesting for chemists, because the unusual structure will lead to fascinating
properties, even to a potential for their industrial application through extensive
investigation. The study of the properties is often attractive from both the













the area of condensed phases of small molecular species which have been
prepared by using various experimental techniques: the discovery and synthesis
of the perfect symmetrical C60, Metal-car and so on. Spectroscopic investigation
of the clusters combined with theoretical study has become an active field of
research in the last decades. Hand in hand with the advances in experimental
studies, there has been much progress in efforts to derive theoretical models for
larger C/S binary clusters. The combined efforts of experimentalists and
theoreticians have led to a detailed physical insight into the microscopic
interactions that govern the structural and dynamic behavior of these clusters. In
this thesis, all the experiments were performed on a homemade tandem time-of-
flight mass spectrometer equipped with a pulsed laser. The pulsed laser beam
employed in the experiment is the second harmonic of a Nd:YAG laser. The first
pulsed acceleration field of the mass spectrometer was applied at 950V. Mass
resolution of the first stage of the tandem mass spectrometer exceeds 400 and
the second one is near 100. The acceleration voltage applied in the second stage
is 3000V. When the gas valve is inactive, the whole vacuum system operates
under a vacuum of 10-6 Torr. The interested cluster ions were selected by a
pulsed “mass gate” and crossed with a pulsed gas beam. Kinetic energy of the
cluster ions was adjusted between 50 and 200 eV after decelerating for collisions.
Main results and conclusion could be summarized in the following: Binary cluster
anions composed of carbon and sulfur atoms have been produced from laser
vaporization of a sample mixed with sulfur and carbon powders in 20:1 ratio. They
were mass-selected and their molecular formula was determined by collision-
induced dissociation. The clusters are consisted of even carbon atoms only and
their number of clustering sulfur atoms equals or exceeds that of carbon atoms.
Ab initio calculations at ROHF/6-31G* level have been performed for the cluster
anions containing two carbon atoms, C2Sm&shy; (1&lt;=m&lt;=10). Geometry of













compared to find the most stable isomers. For the singly charged anions,
attachment of an additional electron leads to break their sulfur rings, and the
isomers with two dangling sulfur atoms and a closed ring have the lowest energy.
According to the experimental and theoretical investigations, the two carbon
atoms form the bone of the clusters, and ejection of two sulfur atoms is the most
competitive dissociation pathway of the cluster anions. Density functional
calculations have been carried out for C2Sm- (3&lt;=m&lt;=10) at the B3LYP/6-
31+G* level. Several different types of stable molecular structures have been
optimized for these species. The present theoretical study shed light on the
geometries, energies, and the nature of the bondings of the C/S binary clusters.
Our calculations showed that the structures with two dangling sulfur atoms a
closed ring are the most stable structures although all structures are getting
closer to each other in stability with the increase of the cluster size. Based on the
analysis of the experimental and theoretical results, cluster structures, vibrational
frequencies, and relative stability are discussed. And the photoelectron spectrum
of C2S4- at eBE=3.7eV is assigned to D2h-2 structure by our calculated vertical
detachment energy, which is about 3.6 eV. Carbon/sulfur binary cluster anions
with various compositions can be produced from laser vaporization of a sample
mixed with sulfur and carbon powders in a 20:1 molar ratio. After mass-selection,
their molecular formula was determined by collision induced dissociation. The
cluster anions consist of even carbon atoms only and their number of clustering
sulfur atoms equals or exceeds that of carbon atoms. In this paper, mass
spectrometry investigation and ab initio calculations focus on the cluster anions
containing four carbon atoms, C4Sm- (4&lt;=m&lt;=10). Geometry of various
isomeric structures of the clusters was optimized at the ROHF/6-31G* level and
their energies were compared to find the most stable isomers. The structures of
C4Sm- clusters computed in this paper were designed based on the structural













spectrometry experiments. Among the structures, four low-lying forms with two
dangling sulfur atoms and two closed rings have the lowest energy. Based on the
experimental and theoretical investigations, a ring shrinkage scheme is proposed
to account for the dissociation process of the binary cluster anions. Density
functional theory (B3LYP/6-31G*) calculations have been performed to search for
new structures of carbon/sulfur binary cluster anions containing four carbon
atoms, C4Sm- (4&lt;=m&lt;=10). Several stable structures in which four carbon
atoms bonding together are proposed and optimized. Among them and other
stable structures reported previously, the structures containing a thiophenic ring
were found to be the most stable. Their stability can be attributed to the
aromaticity of the thiophenic ring, as shown by the planarity of the ring geometry
and the strong pi-conjugation. The computations revealed three characteristic
infrared absorption around 1070, 1262 and 1318 cm-1 as fingerprints of the
thiophenic ring. Sulfur ring attached to the thiophenic ring gets more and more
distorted with the increase of its ring size, thus reducing the stability of the
clusters. Calculated dissociation energies of ejecting S and S2 fragments and
proposed dissociation pathway based on the stable structure are correlated with
the experimental observation.
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